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su?mAKY

& investigation wm carried out *J tineLangley
two-dimensional low-turbulence tunnels for the purpose
of’developing sn optimum flap configuration for maximum
lift on an airfoil section for the Republlc XF-12 airplane
equinped with a double slotted flap. Lift and flap
loads were obtained at several flap deflections for two
flaD paths. Drag characteristics of the section with
flaps retracted were also determined.

A maximum lift coefficient of 3.45 was measured
for this atrfoil-flap combination for a flap deflection
of 600 at a Reynolds number of 4 million. An investi-
gation of flap and fore flau configurations showed that
the configuration for which this maximum lift coefficient
was measured was very nearly the optimum. Ma%imunl lift
coefficients were shwm to increase with Reynolds number
for all deflections except the best maximum lift
deflection, at which a decrease in Reynolds number f’rom
4 million to 3.5 million caused an increase of about

. 0.1 in maximum lift coefficient.

INTRODUCTION

At the request of the Army Air Forces, Air Technical
Service Command, tests have been conducted in the two- .
dimensional low-turbulence tunnel and the two-dimensional
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low-t@)ulenoe pmso- tunnel on a “370~lnoh-obord
model of a wing section of the RepublioXF-12 airplane.
The model was equippedwith a double slottedflap
whloh me designed to operateWIth a variablepoaifdon
of the fore flap with rmpeot to the flap. The seotlon
at ths station rep~sented by this mxlel is trite
between the RepublioR-4J+o+18-z and R-4,40-413%Mato
airfoi1s.

Tests included an investigation of flap and fore
flap configurations for maximum lift, lift characteristics
at several flap deflections for two flap paths, and flap
snd fore-flap loads. The effeot of Reynolds number and
standard leadlng-edge roughness on the lift and drag
characteristics were determ.lned for several configu-
rations.

c-

a.

cd

cl

olm~

Cnf

%ff

Ccf

Ccff

SYM?30LS

airfoil chord

section angle of attack

section drag coefficient

section lift coefficient

section maximum lift coefficient

flap normal-force coefficient, based on flap
chord

fore-flap normal-force coefficient, based on
fore-flap chord

flap chord-force coefficient, based on flap
chord

fore-flap chord-force coeff’lclent, based on
fore-flap chord
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%f. .-, $lap moment coefficient about flap reference—..
‘poixit,based on flap chord” ..- . .

%yf fore-flap moment coefficient about fore-flap
referenoe point, based on fore-flap chord

R Reynolds number
,

af,aff deflections of the flap end fore flap,
respectively, meas~”ed from the wing ohord o
llne

xff,yff horizontal and vertical posttions of the fore-
flap reference point measured from the most
rearward station of the wing slot in percent
of c, positive to t-nerear and below,
respectively

Xf,Yf horizontal and vertical tiositions of the flap
reference point measured from the fore-flap
trailing edge in percent of c, nositive to
the rear and below,res~ectively

1

,

The model,

I

Cor90ratlon to
flap alone had
flap alone had

yoDEL AED METHODS

was constructed by the Republic Aviation
the ordinates given in table I. The
a chord equal to O.@c snd the fore
a chord eaual to 0.092c. FiEure 1 shows

\
a sketch of the airfoil ~ection, the flap, m-d the fore
flap m The forewsrd portion of the model was constructed
of lamtiated mahogany. The flap and the fore flap were
constructed of aluminum alloy. The main wing section
end the flap and fore flap were provided with flush
pressure orifices at several stations slag the mid-

!
snan of the model.

Flap and fore-flap configurations for each of the
flap paths are shown in f@&e 2. The second path was

b desi~ed by the contractor to provide.low operating
loads and will be referred to as the modified flap path.
The 600 configuration shown for the original flap path
is the Dosition found to give the highest maximum lift.
Lift and drag tests were made by the methods described
in reference 1. Pressure distributions were read
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directly from a multiple--tube
the model pressure orifices.
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manometer connected to
The orifices were filled

with glazing putty for all but the pressure-distribution
tests. Because of time limitations it was necessary to
run both the lift snd nressure-distribution tests for
the modif~ed flap path concurrently.

D~ta were corrected to free-atr values by the
following equations in which the nrlmed quantities
renresent values measured in the tunnel.

cd = &~74Cdt “

Cz = 0.938CZI .

=0 = 1.036ao?

A complete discussion of these corrections as
applied to data obtained in the two-dimensional low-
turbulmce tunnels is contained in reference 1.

Flap and fore-flap loads were obtained from
integrations of pressure-distribution diagrams. The
large amount of pressure-distribution data ebtained
Is not presented.

.RESULTS AND DISCUSSION

Lift .- An investigation was first carried out to .
detem~ which of several configurations of the flap
and fore flap would provide the best maximym lift
characteristics. A configuration which wm considered
good wes set up end systematic variations of the
various parameters were investigated. Zhe values of
these ‘~arameters for the original configuration are
shown in the following table:

t3ff= 250 af = 60°

Xfy = -0-24 xf = -2.5

yff = 2,0 Yf = 1“5

1.
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The effect of foti6-flap deflection Is shown.in -

figure z(a). Fore-flap deflections of 20°, 25°,
snd 30° were investigated, all other parameters being
kept constant. These results show that using a fore
flap deflection higher than 25° would cause an appreciable
decrease In the maximum lift. Changes in the position
of the flap and fore flap as a unit were then investi-
gated. The maximum Mft coefficients are plotted in
figure 3(b) as a function of the horizontal and vertical
positions of the-fore-flap reference Toint. The
highest maximum lift was obtained with the fore-flap
reference point 2 percent below and.0.5 percent behind
the trailing edge of the main wing section. The fore
flap was then held at this position snd the flap rotated
about its reference ~oint. The li~t characteristics at
fla~ deflections of 55°, 600., sn~.65~-are shown In h

figure l(a). The maximum lift is shown to Increase
~radually with flap deflectl.on but the lift curve obtained
at 650 shows a small break at about 0° angle of attack.
The f’l~p deflect~o~ was t~refo~~ l~fted to 6000 With
the fore flap at its best position and the flap and
fore-fla~ deflections et 600 and 25°, respectively,
the flap nosition was varied. Maximum lift values are
plotted against the flap position parameters Xf and yf

In figure L(b). The highest maximum lift obta~ed was
3.56 with the flap 2 percent below and 1.5 percent

i forward of the fore-flap trailing edge. It is realized
I that this survey of flap smd fore-flap configurations

is not complete snd that slightly higher values of maximum
lift might be obtained by a more extensive Investigation,;I but the final configuration is believed to be very near
the optimum for maximum lift.

A comparison of figures 3 and 4 shows that gener-
ally this double slctted flap is more sensitive toI changes in position snd deflection of the fore flap than
of the flap. A decrease of approximately 0.2 in maximum
lift is caused by a 1 percent movement in either the
verttcal or horizontal directions from the best fore-

* flap position while.a decrease of only 0.15 Is caused
by a total movement of’3 per-centhorizontally and
1.5 percent vertically from the best flap position.

- Lift characteristics for the best flap configuration
at several Reynolds numbers sre shownin figure 5; The
msximum llft is shown to decrease from 3.56 at a Reynolds
number of 3.5 million to 3.43 at 4 million. It should

r.
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be noted
Reynolds
at other

NR

that the optimum position was found
number of’?.5 million. The ontimum

NO. rbAo8a

at a
Dositlon

Reynolds n~bers might be sli@ly different.

Lift characteristics for flap deflections of 0°,
20°, 40°, and 60° are shown In figure 6 for the original
flap path at Reynolds numbers of 3.5 and 4 million in
the smooth condition and with standard leading-edge
roughness for the higher Reynolds number. Figure 7 shows
the lift characteristics at several flap deflections
for the modifl.ed flap ~ath. Data for this flap path
were obtained only at a Reynolds number of 3.5 million
and the maximum lift values may be slightly low beoause
of slight surface irregularities at the open pressure
orifices. Values of the maximum lift are shown in
figure ~ nlotted against flap deflection for each of
these conditions. The effect of ticreasing tileReynolds
number is shown to be favorable for all but the best
~Laxti~ lift configuration and the effeot of’roughness
is shown to be less on the best maximum lift configuration
than on any other. A comparison of the three sets of
lift data in figure 6 shows that at the low flap
deflections the scale e~fect is confined to the maximum
lifts while at the higher deflections the whole lift
curve is shifted downward by en Increase in Reynolds
number. In most cases the roughness affects only the
maximum lift. The fact that the curves of maximum .
.lif’t~ainst flap deflection for the orhzinal flaD
path a;e Irregulbr end peak rather sharp~y at a d~flectlon
of 600, particularly at a Reynolds number of 3.5 million
can be explained by the fact that, at this deflection,
the flap and fore flap are at, or very near their
optimum configurations while at other deflections,
their configurations are determined by the flap retracting
mechanism.

Dr .> Figure’9 shows &e’drag oha&kteristlos ~
thts +$r oil seotionwith flap retractedat Reynolds
numbers of’3.5 arii 4 million and at 4 million with
standardleading-edge roughness. A oompaz?lsonof the
data in this ftgurw with data previously obtained on
other almost slmllar airfoils at lower Reynolds numbers
shows that the minimum drag of this seetion 1s slightly
Ill

P
r than that of the RepublioR-4~0-318-l airfoil

bu that the effect of roughnessis considerablyless.
Z!& dlfferenoein minimum drag in the smooth oondition

IUSY be explainedby the alight amunt of unfalxmessat
the flap and by the faot that the flap-alrfolljalnt
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was not sealed ag8in8tthe possibility of lealcage~The
incrementsin minimumdrag causedby roughnessam
probablydifferentbeoause of t~ difference in Reynolds
numbers.

~lRp- lo~~s. - lkn?mat%ti~e, chord ford~ ‘knd momen~’ 0- .
coeffi%~ents, respectively, of the flap and fore flap at
various flap deflections f’oreach of the flap paths
are presented in figures 10 to 12. No load data are
shown for the fore flap at the 20° flap defleotlon with
the original flap path, since, at this configuration,
the fore flap is completely stalled.

No uniform variation in the load characteristics with
i’lapdeflection could be expected, bocausa of the radical
changes, in tba air pmsscqes around the flan and fore
flnn th~t occur as tke fl!m deflection 1s ,3herjged.The
unusurlly high na&ative fore-fl~p chord forces at tha
20° fla];daflectiion #j.thtl~emodif’ied flap qsth are
CPUSOd ~J~ che feet th~t rather hi~h lesdlng-edge veloci-
ties OCCUZ-slmultansously with low va.loclties over the
reer nortion of the Core flap. ?toconclusion may ba
drawn as co whether the mod~fled flap path presents
r,ore favorable load c!mracterlstlcs f’orthis pa~ticular
desi.gl thpm the origlnsl oatr;since this would involve
an snalysls of ~.helinka~as to be used in the retracting
mechanism. It should be noted chet a maximum no~Lal-

fcmce coefficimt of the order af 5.0 is obtsln@d on the
fore ~l~p. Care must be taken in the dasign of the
fors flaa md its fittings to ~mke a structura suf.

ficiently rj.gid to maintain the ‘~olerances shown to.
be necessary In figures 3 and 4.

CONCLUDING R3!ARKS

A 37.s-inch-chord model of a wing section of the
Republic XF-12 airplane, equippad with a double slotted
flap, was tested in thd Lsn@ey two-dimensional low-
turbulence tunnsls. A flsj> ccn~iguration was developed
which is balievad to be very near the o~timum for
maximum lift and which providad a maximum lift coeffi-
cient of 3.&3 at a Reynolds number of L!+million. The
maximum lift for all deflections except the best maximum
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lift .conf.igurationwas shown to increqse with Reynolds ..
number. The maximum .lift coefficient for the”optimum -:
configuration is shown to be approximately 0.10 higher
at 3e5 m~l~lon than at 4 million.

Langlgy Hemorial Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Field, Va.
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TABIE I

Wing SectIon Flap

I Upper
StatIon surfaoe

o 10

:%
1.25
2.50
5.00
J .YJ

15:oo
20.00
2 .00
32.00

J?
5.00
0.00
45.00
50.00
~!j.;;

65:00
76.00
&;;
85:00
90.00
95.00
100.00

Lower
murfaae

o

1 1

L.E. radius: 1.830
Slope of ‘radius through L.E.: 0.133

slot

Stat ion

69.377
69.377
69.625
69.923

%6;2
71.4cl+

t%
8!:%;
83:227
82.84
88.128

Ordinate

I__.-_-. .-. -.. . . L..

Upper

StatIon

mrf aoe I Lower surfaoe

Ordinate station I Ordinate

1.101 $J”;::
p:%:
85.000
90.000
95.000
100.000

L.E. radk?i$ 1.912
L.E. radiup below wing chord llne: 0.9Z5
L.E. radius aft of wing L.E.% 78.058

t--- 0”0920a

Fore Flap Dhaenslms

NATIONAL ADVISORY
COMMITTEEFORAEROIAAUTICS
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Main wing sectton
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0.092

Fore-flap IV
reference point

Fore flEP
Flap reference

point 1
FlaP

NATIONAL ADVISORY
COMMITTEEFIMAESOHAVTKS

Figure I .- Wing, flap, and fore flap; double slotted flap model for Republic XF-12 airplane.
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o

-:.5

6.00
5.06
2.00
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--l R
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‘.
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0.778c
frcm L.E.
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‘\ “\ 30°
\

65°

Modified Flap Path
,

(::6J
6ff W f

(perc%t c)
Yff

[per%nt c) (deg) (percentc) (percentc)

10 -4.05 3.79 -13 -13.04
20 -3.62

;

o
3.26 -8

-3.62
-10.67

2.84
$:

0
-2

5 :$:;; 2.45
1.00

q
2; M

NATIONAL ADVISORY

OJNNITTEE FORAERONAUTS
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Figure 2 .- Flap ad fore-flap ccnf igurations for flap patks tested.
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Figure 5 .- Lift characteristics of’ a wing section of the Itepublic XF-U?
airplane equipped with a double slotted flap at various Reynolds
numbers. Optimum ~aximum lift configuration; 6f = 600; Xf = -1..5;
YS = 2+0; off = 25 ; xrr = .5”;yrr = 2.OC
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Or~gln’alflap pa-th;”R“= 3.5 x “&--—— -
/

3.2 I //
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2.8

/
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2..!L[ “ :> < x~

/ /

/

. -T { t

/ A /

2.0 \ {“i ‘/

-1

.-

-1. 6

1.2

.8

.4

0

-Original flap path; R = 1.4.o x 106 ‘“-

Original flap path; R = 4.0 x lo6; -
standard L.E. roughness.

Modified flap path; R = 3.5 x 106

NATlONAL AwIsony
COMMITTEEFORAERONAUTICS –

o 10 20 30 40 50 60 ~o

Flap deflection, ~f, deg

Fiowre s .. Maxhnm section lift coefficients at various flap
deflections for both flap paths.
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Figure 9 .- Drag characteristics of a wing section for the Republic XF
Flap retracted.
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